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ABSTRACT 


Metallic  fiber  brushes  wetted  with  a  liquid  metal  could 
potentially  provide  a  current  collector  for  large  scale  homo- 
polar  machinery.  This  study  deals  with  the  investigation  of 
brushes  composed  of  Niobium  fibers  in  a  copper  matrix  and  wetted 
with  the  liquid  metal,  Nakyg.  Four  brushes  with  different  fiber 
diameters  and  packing  densities  have  been  studied.  Brushes  have 
been  characterized  according  to  stiffness  and  values  of  the 
coefficient  of  friction  for  both  dry  and  Nakyg  wetted  brushes  have 
been  obtained.  Preliminary  wear  studies  indicate  that  if  brush 
bounce  can  be  avoided,  lifetime  should  be  suitable. 


ADMINISTRATIVE  INFORMATION 

This  work  was  performed  under  the  Fiber  Brush  Current  Collector  Program, 
Task  Area  ZF66-51 2-001  sponsored  by  Independent  Research  Program,  Dr.  David 
Moran,  0120.  This  work  was  accomplished  under  Work  Unit  Number  1-2710-121-10 
in  the  Electrical  Machinery  Technology  Branch,  Electrical  Systems  Division  of 
the  Propulsion  and  Auxiliary  Systems  Department  of  the  Center. 

BACKGROUND 


The  development  of  low  loss,  high  performance  current  collectors  has  been 

an  objective  of  the  Navy's  advanced  electric  drive  technology  program  for  the 

past  decade.  With  such  collectors  the  implementation  of  very  high  performance 

acyclic  electric  machinery  is  feasible.^ 

The  requirements  of  low  power  losses  at  current  densities  of  8  MA/m  and 

tip  velocities  of  15  m/sec  eliminate  from  consideration  conventional  carbon 

brush  technology.  In  addition,  a  successful  collector  must  operate  in 

magnetic  fields  of  1.5T  and  have  sufficiently  low  wear  as  not  to  be  a 

dominating  factor  in  shipboard  maintainability. 

Progress  has  been  made  in  achieving  such  a  collector  for  laboratory  scale 

2  1 

(300  kW)  electric  machinery.  ’  These  collectors  are  realized  by  filling  the 
space  between  the  rotating  and  stationary  members  in  the  region  of  the 
collector  with  a  liquid  metal  which  makes  the  electric  contact.  A  practical, 
further  requirement  of  the  collector  is  that  the  gap  distance  between  rotor 
and  stator  be  minimized.  This  is  achieved  in  the  aforementioned  collector,  by 
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also  Inserting  a  copper  braid  in  the  same  channel  as  the  liquid  metal.  On 
assembly,  there  is  an  interference  fit  between  the  rotor  and  the  braid  which 
wears  to  minimum  clearance.  A  diagram  of  the  collector  geometry  is  shown  in 
Figure  1.  In  addition  to  providing  a  mechanism  for  minimum  clearance,  the 
braid  presumably  wicks  the  liquid  metal,  holding  it  in  place  against 
hydrodynamic  and  electromagnetic  expulsion  forces. 

When  one  considers  possible  collectors  for  30  Megawatt  shipboard 
machinery,  several  potential  drawbacks  to  braid  collectors  can  be  noted. 
Firstly,  with  bearing  runout  and  rotor  sag  there  may  be  as  much  as  a  0.5  mm 

runout  of  the  rotor  from  zero  to  full  speed.  It  is  not  yet  clear  where  the 

limit  of  the  braid  collector  lies  with  respect  to  gap  size.  Secondly,  rotor 
displacement  due  to  vibration  and  shock  loading  may  leave  a  braid  collector 
damaged  to  the  point  of  non-operability.  If  it  is  found  that  a  braid  close- 
clearance  collector  is  not  feasible  for  full-scale  operation,  a  successful 
replacement  will  have  to  provide  the  benefits  of  the  braid  collector  and  also 
address  the  additional  aforementioned  problems.  Because  of  their  inherent 
flexibility,  metallic  fiber  brushes  wetted  with  liquid  metals  offer  the 
possibility  of  such  a  replacement.  These  brushes  can  presumably 
hydrodynamically  ride  on  a  film  of  liquid  metal  minimizing  tribologic  losses 
while  maintaining  the  close  clearance  wicking  action  of  the  braid. 

The  present  study  is  directed  at  obtaining  friction  and  wear  data 

necessary  for  the  successful  Implementation  of  liquid  metal  wetted  fiber  brush 
current  collectors. 


EXPERIMENTAL  WORK 

Fiber  Brush  Fabrication 

The  brushes  chosen  for  the  investigations  consist  of  Niobium  fibers  imbed¬ 
ded  in  a  copper  matrix.  These  brushes  were  fabricated  by  Professor  Doris 
Wilsdorf  and  co-workers  at  the  University  of  Virginia  under  contract 
N61 533-78-M-3372  and  were  based  on  similar  designs  for  investigating  dry  fiber 
brushes.^’^  The  fabrication  proceeds  by  inserting  Niobium  rods  into  a  billet 
of  copper  and  drawing  of  the  billet  down  to  a  wire.  The  wire  is  cut,  stacked 
together  and  drawn  down  again  to  the  desired  filament  size.  The  stock 


material  is  then  cut,  lapped  to  the  desired  rotor  contour  and  Nitric-acid 
etched  to  desired  fiber  length.  Four  brushes  were  provided  and  the  general 
characteristics  are  shown  in  Figure  2.  These  brushes  allow  an  investigation 
of  the  effects  of  fiber  diameter,  length  and  to  a  lesser  extent  packing 
fraction.  The  low  packing  fractions  were  desired  to  allow  for  independent 
movement  of  the  fibers.  Niobium  was  chosen  because  it  was  a  metal lurgical ly 
familiar  material  for  this  type  of  fabrication  technique,  and  its  electrical 
resistivity  is  reasonably  low. 

Friction 

It  was  desired  to  obtain  the  coefficient  of  friction  of  these  brushes  as  a 
function  of  applied  load  both  dry  and  wetted  with  NaK  78,  the  liquid  metal  of 
choice  for  current  collector  applications.  As  a  first  step,  the  stiffness  of 
each  brush  was  determined.  The  stiffness  is  defined  as  the  change  in  load  of 
the  brush  with  compression.  The  apparatus  used  to  determine  the  stiffness  is 
shown  in  Figure  3.  The  brushes  were  mounted  in  a  copper  block  so  as  to  pre¬ 
sent  the  brushes  curved  surface  to  a  simulated  rotor  section  located  on  a 
micro  balance.  The  brush  advances  by  micrometer  adjustments  on  the  rear  of 
the  block.  Zero  contact  could  be  determined  by  electrical  continuity.  The 
brush  compression  equals  the  brush  advance  minus  the  scale  pan  retreat.  The 
results  of  these  measurements  are  shown  in  Figure  4. 

To  evaluate  the  coefficient  of  friction  an  "Atwood"  type  apparatus  shown 
in  Figure  3  was  used.  The  machine  consists  of  two  disks,  one  copper  and  one 
aluminum,  mounted  on  ball  bearings  and  driven  by  accelerating  weights  on  the 
aluminum  disk.  The  machine  is  calibrated  with  no  brush  contact  by  varying  the 
accelerating  weights  and  noting  the  change  in  time  between  the  photo  diode 
sensed  timing  marks.  This  curve  is  shown  in  Figure  6.  The  fiber  brush  is 
then  mounted  to  provide  a  normal  load  to  the  copper  disk.  The  normal  load  is 
determined  by  the  load-compression  curve  for  the  brush.  The  change  in  time 
between  the  free-running  machine  and  the  brush-loaded  machine  represents  the 
frictional  load. 

The  coefficients  of  friction  for  the  four  brushes  were  determined  for 
varying  loads  in  the  range  of  expected  electrical  operation.  These  loads  are 
based  on  typical  "dry"  brush  performance  and  will  have  to  be  verified.  These 


measurements  were  first  done  with  no  liquid  metal.  The  apparatus  was  then 
placed  in  a  glove  box  and  the  experiments  were  repeated  with  liquid  metal 


wetting  the  brush  and  rotor. 

The  brushes  were  considered  "wet”,  when  rubbing  the  brush  fibers  in  NaK 
produced  a  surface  coat  of  liquid  metal  on  the  fibers  which  was  not  easily 
removed  by  mild  rubbing  against  another  surface.  The  rotor  was  also  coated 


with  NaK  by  "painting"  with  an  extra  fiber  brush.  The  tests  had  to  be 
completed  within  20  minutes  which  represents  the  time  it  took  before  the  NaK 
was  visibly  reacted  and  would  thus  cast  doubt  on  the  data.  At  this  point  the 
surfaces  would  be  wiped,  rewet  and  run  again. 

The  results  of  these  tests  are  shown  in  Figure  7. 


Experiments  were  conducted  to  determine  the  wear  properties  of  the  t 
lubricated  fiber  brushes.  The  rig  for  this  measurement  is  shown  in  Figure  8. 
Not  shown,  for  purposes  of  clarity,  is  the  plexiglass  housing  which  surrounds 
the  rotor  and  brushes.  This  housing  serves  as  a  NaK  reservoir  and  splash 
retainer.  The  four  brushes  were  loaded  to  70  grams  and  run  at  19  m/sec  for 
900  hours.  NaK  was  present  but  no  current  was  applied.  The  test  was 
periodically  stopped  to  physically  observe  if  wetting  was  present  and  if 

w 

deterioration  had  occurred.  At  the  conclusion  of  the  test,  the  brushes  were 
removed,  ultrasonical ly  cleaned  several  times  in  water  and  methanol  and 
weighed.  There  was  no  detectable  change  in  the  weight  of  the  brushes  as 
measured  on  an  analytic  balance.  However  the  rotor  was  unacceptably  grooved 
and  pitted  by  all  brushes  except  for  A  Brush.  This  is  shown  in  Figure  9  which 
also  shows  a  typical  brush  before  and  after  the  run.  This  was  considered 
unacceptable  in  terms  of  necessary  life  time  performance  in  a  machine  which 
should  have  no  rotor  wear  and  rainimimal  brush  wear. 

With  the  rotor  replaced,  the  brushes  were  then  run  under  the  same 
conditions  without  NaK.  After  40  hours,  the  test  was  stopped  and  the  results 
are  shown  on  Figure  10.  Very  severe  wear  occurred  on  all  brushes,  essentially 
destroying  them. 

In  both  the  above  tests,  the  brushes  and  holders  provided  the  loading 
weight.  However,  they  were  allowed  to  rotate  about  the  fulcrum  arm  to  which 
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the  brush  holders  were  attached.  Occasional  bounce  was  observed  during  this 
rotation.  The  rig  was  modified,  to  disallow  this  bounce,  with  t  retaining 
arm.  Brushes  A  and  D  were  run  again  with  very  positive  results.  After  100 
hours  the  test  was  stopped,  brushes  A  and  D  had  lost  lO-^  and  3.3  x  Id--*  grams 

respectively.  The  pitting  and  grooving  seen  in  previous  runs  was  not  present. 

Photos  of  the  brushes  after  the  test  are  shown  in  Figure  11. 

DISCUSSION 

All  the  stiffness  curves  of  Figure  4  behave  non-linear  Iv.  This  is 
believed  due  to  fibers  of  slightly  differing  lengths  coming  into  contact  with 
the  rotor  surface.  The  stiffness  stated  in  the  Figure  is  therefore  obtained 
from  the  linear  part  of  the  curve.  Secondly,  there  appears  to  be  some 
hystersis  in  the  curves.  This  is  presumably  due  to  the  fibers  trying  to  skid 
or  plow  as  they  are  compressed  while  tending  to  slide  as  they  are  being 

released.  This  phenomenon  was  quite  repeatable  (as  well  as  quite  tedious). 

Further  evidence  for  this  skidding  was  the  decrease  in  the  amount  of  scale  pan 
retreat  as  the  pan  balance  was  gentley  tapped.  This  is  interpreted  as  the 
fibers  working  themselves  into  a  more  stable  position. 

One  should  be  able  to  predict  the  stiffness  of  a  brush  from  a  suitable 
model.  The  brush  can  be  considered  as  a  collection  of  cantilevered-struts. 

The  analysis  of  cantilevered-struts  developed  by  Beth  and  Wells0  is  reproduced 
here  in  very  abbreviated  form  because  of  its  applicability  in  brush  design. 

The  geometry  of  the  problem  is  shown  in  Figure  12.  One  considers  a  uniform 
thin  rod  of  length  L  and  flexural  rigidly,  B  =  El,  where  E  is  the  elastic 
modulus  and  I  is  the  moment  of  inertia,  acted  on  by  a  force  r  in  such  a  way 
that  r  makes  an  angle  0Q  with  the  tangent  to  the  rod  at  the  clamped  end.  The 
dependent  variables  y^,  z^,  and  v^  the  elastic  strain  energy  are  found  as 

explicit  series  expressions  in  terms  of  L,  B,  r  and  0  .  One  first  replaces 
independent  variables  r  and  by  dimensionless  variables. 


and  the  four  dependent  variables  by  dimensionless  functions 


X  =  x^/L,  Y  =  y^/L  Z  =  cos  1  ^ ,  and  W  =  Vj/rL  (1!) 

The  unknown  fucttons  X,  Y,  Z  and  W  can  be  found  by  means  of  a  single 
dimensionless  function  S  of  the  variables  t  and  defined  as  follows: 

S  ( a ,  P  )  -  P ( 1  +  Y  +  W)  (3) 

From  elementary  beam  theory  and  conservation  of  energy,  one  finds  that 

Y  =  _1_  [S/P  +  3S_  ]  -1  (4) 

2  9p 

while  S  satisfies  the  first  order,  non-linear  partial  differential  equation 

9S_=  1  +  a  -  _1_  62  ,3S  2  (5) 

3p  2  dp 

which  X,  Y,  Z,  and  W  no  longer  appear.  S  is  solved  for  by  standard  power 
series  expansion  of  S  in  P  with  the  expansion  coefficients  evaluated  by 
equating  corresponding  coefficients  on  both  sides  of  the  equation  5. 

Substituting  the  expressions  obtained  for  S  in  equation  (4)  one  obtains 
the  desired  relation  for  Y, 

00 

Y  =  yj/L  =  a+J_62  S(n+l)Cnp2n  (b) 

2  n=l 

where  Cn  are  given  by: 

Cy  =  1/3 
C2  *  2a/ l 5 

C3  -  (23  a2  -  6 )/ 3 15 
C4  =  (134  a3  -  72  )/2835 

C5  =  (5297  r/*  -  4338  a2  +  423)/ 1 5592 5  (7) 

The  first  five  terms  of  the  series  are  sufficient  for  p  values  up  to  one.  For 
these  brushes  p  is  typically  less  than  0.5.  This  then  is  the  functional 
relationship  of  compression  with  load.  Similar  expressions  are  available  for 
X,  Z,  and  W.  With  equations  6  and  7  the  stiffness  of  the  four  brushes  were 
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evaluated  using  a  value  of  L0l  Nt/nr  for  E,  I  =  rr dH  ,  the  moment  of  inertia 

64 

for  a  right  circular  cylinder  with  diameter  d  and  the  brush  parameters  of 
Figure  2.  These  results,  shown  in  Table  1,  are  very  good  except  for  brush  B 
which  was  experimentally  measured  to  be  less  stiff  by  a  factor  of  2.5.  At 
present  it  is  not  clear  why  this  should  be.  The  reason  for  this  poor 
correlation  in  one  case  will  be  further  studied  if  equations  6  and  7  are  to  be 
used  as  good  general  brush  design  equations. 

Friction 

All  four  brushes  showed  a  decreasing  friction  coefficient  with  increasing 
load  when  run  dry.  This  does  not  correlate  with  the  stiffness  of  the  brush  as 
both  the  stiffest  (brush  C)  and  the  softest  (brush  B)  showed  lower  coeffi¬ 
cients  than  brushes  A  and  D  which  have  similar  values  of  stiffness.  However, 
the  magnitude  of  the  coefficients  is  encouraging  for  mechanical  losses  if  the 
brushes  were  to  run  dry. 

The  NaK  wetting  had  considerable  effect  on  two  brushes  (A  and  D)  but 
relatively  little  effect  on  brushes  B  and  C.  Brushes  B  and  C  are  again  the 
brushes  with  low  dry  coefficients.  It  is  apparent  that  brushes  A  and  D  will 
be  helped  by  a  liquid  metal  coated  surface  whereas  brushes  B  and  C  would  be 
only  slightly  so  if  at  all.  The  trends  are  the  important  point  for  the  NaK 
wetted  experiments  as  the  data  has  considerable  uncertainty  due  to  the 
difficulty  in  keeping  the  conditions  constant  due  to  NaK  reactivity.  The  NaK 
wetted  coefficients  are  probably  good  to  ±  50%  compared  to  the  dry  coeffi¬ 
cients  which  are  good  to  ±  0.5%. 

Wear 

As  anticipated  at  the  inception  of  this  investigation,  the  use  of  a  liquid 

metal  greatly  reduces  the  wear  one  might  expect  from  a  non-lubricated  brush. 

The  100  hour  tests  with  the  A  and  the  D  brushes  translate  into  dimensionless 

—  1  ^ 

wear  coefficients  of  3  to  40  x  10  .  The  wear  coefficient  is  defined  as  the 

linear  dimensional  brush  loss  divided  by  the  distance  traveled.  This  value  is 
5  to  6  orders  of  magnitude  better  than  typical  monolithic  solid  brushes. 


DIAMETER  OF  FIBERS  MICRONS  fa m ) 


TABLE  1  -  PREDICTED  AND  MEASURED  STIFFNESS  FOR  FOUR  CANDIDATE  BRUSHES 


NUMBER  OF  FIBERS  PER  BRUSH 


8.6% 

A 

80  g/mil 
(791 


7.6% 

B 

25  g/mil 
(691 


18.2% 

C 

230  g/mil 
(2701 


17.8% 

D 

120  g/mil 
(106) 


FIBER 

FRACTION 

STIFFNESS.  EXPERIMENT 

(CALCULATED 

CANTILEVER-STRUT) 


The  control  of  the  brush  bounce  seems  to  be  most  Important  in  this  experi¬ 
mental  configuration.  This  factor  will  be  pursued  further.  The  values  of  the 
wear  coefficient  should  be  obtained  based  on  a  longer  run  time.  Initial  brush 
weight  loss  may  occur  because  of  some  run  in  phenomenon  and  not  increase  any 
further.  Therefore  the  actual  wear  coefficients  may  be  even  lower.  These 
tests  were  concluded  because  the  apparatus  was  deteriorating.  Secondly,  the 
brushes  were  not  forced  to  carry  current  which,  interacting  with  its  own  field 
or  an  extenal  field  may  produce  additional  loads.  Also,  the  wetting  of  the 
brush  was  inferred  from  visual  observation  not  from  electrical  contact  drops. 

A  new  apparatus  is  being  designed  in  which  the  brush  will  carry  current  during 
tests. 

The  brushes  should  be  re-examined  under  the  conditions  of  no  liquid  metal 
but  with  no  bounce.  The  brushes  may  still  wear  severly,  as  Niobium  is 
pyrophoric  and  even  trace  amounts  of  oxygen  may  prove  detrimental  to  their 
performance.  Based  on  the  present  results,  however,  dry  Niobium  fiber  brushes 
are  not  good  candidates  as  current  collectors. 

CONCLUSIONS 

Friction  and  wear  studies  of  several  candidate  Niobium  fiber  brushes 
wetted  with  Nak  78  have  been  initiated.  These  studies  are  considered 
fundamental  to  the  application  of  liquid  metal  wetted,  metallic  fiber  brushes 
as  potential  current  collectors  in  high  performance  acyclic  electric 
machinery. 

A  model  of  the  fiber  brush  treated  as  a  collection  of  cantilevered  struts 
has  been  developed  which  predicts  brush  stiffness  to  within  15%  for  three  of 
the  four  brushes  studied.  The  poor  correlation  in  one  case  is  not  clear  and 
will  be  the  subject  of  further  study. 

Frictional  studies  indicate  coefficients  between  .05  and  .4  for  dry 
brushes.  Liquid  metal  wetting  improved  the  friction  coefficient  for  two 
brushes  while  having  slight  effect  on  two  others.  In  general  the  friction 
coefficient  drops  with  increasing  load  for  both  the  dry  and  wetted  brushes, 
for  applied  loads  of  10  to  200  grams  per  brush. 
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ALL  SAMPLES 

Cu  CASE  AREA  0.375  x  0.375  =  0.140  in.2  =  .9032  cm2 

Cu  CASE  WALL  THICKNESS  0.03  in.  =  .012  cm 

NET  CASE  AREA  (0.375  -  0.06)2  =  0.099  in.2  =  .015  cm2 

CASE  +  FIBER  LENGTH  ONE  INCH  (NOMINAL)  =  2.54  cm 

FIBERS  AT  AN  ANGLE  OF  20°  TO  NORMAL 

FIBERS  RADIUSSED  TO  FIT  A  12.7  cm  DIAMETER  SLIPRING 


BRUSH  PAIR 


FIBER  DIAMETER 
FIBER  DIAMETER  mils 


FIBERS  PER  BUNDLE 


BUNDLES  PER  BRUSH 


TOTAL  FIBERS  PER  BRUSH 
TOTAL  FIBER  AREA  cm2  10 


FIBER  FRACTION  % 


A 


27.0 


1.06 


19.0 


512.0 


9728.0 


8.67 


B 


55.0 


2.165 


19.0 


108.0 

2052.0 


4.87 


7.63 


C 


34.0 


1.34 


37.0 


345.0 


12.765 


11.61 


18.2 


D 


52.0 


2.047 


37.0 


145.0 


5365.0 


11.4 


17.84 


TYPICAL  FIBER  BRUSH 


FIBERS-NIOBIUM 

CASE-COPPER 


Figure  2  -  Characteristics  of  Niobium  Fiber  Brushes 


MICROMETER 
ADVANCE  A. 


BRUSH 
ADVANCE  A1 

SCALE  PAN 
"  RETREAT  A, 


BRUSH  COMPRESSION  »  A,  -  A2 
MICRO  BALANCE  PAN  DISPLACEMENT  0.309  mils/g 


DEAD  RECKONING  METHOD 


Figure  3  -  Method  of  Determining  Brush  Compression  with  Load 


'.M 
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DEAD  RECKONING  METHOD 

BRUSH  SAMPLE,  A2  27pm 
9728  FIBERS 

BRUSH  STIFFNESS  ~  80  g/m 


- INCREASING 

- DECREASING 

LOAD  VS  COMPRESSION 


DEAD  RECKONING  METHOD 
BRUSH  SAMPLE  Cl  34pm 
12.766  FIBERS 

BRUSH  STIFFNESS  ~  230  g/r 


■INCREASING 

DECREASING 


DEAD  RECKONING 
METHOD 

BRUSH  SAMPLE  B155Mm/ 
2052  FIBERS  / 

BRUSH  STIFFNESS  / 
~  25  g/mil  / 


LOAD  VS  COMPRESSION 


BRUSH  B1 


DEAD  RECKONING  METHOD 
BRUSH  SAMPLE  D1  52pm 
5365  FIBERS 

BRUSH  STIFFNESS  ~  120  g/mil) 


LOAD  VS  COMPRESSION  - 


BRUSH  D1 


1  2  3  0  1  2  3 

FIBER  COMPRESSION  (mils) 

Figure  U  -  Fiber  Compression  vs  Load  for  the  Four  Candidate  Brushes 


Figure  5  -  Friction  Measurement  Rig 


ACCELERATING  WEIGHT  (g| 


100 

LOAD,  GRAMS 


Figure  7  -  Coefficient  of  Friction  for  Four  Candidate  Brushes 
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L.  UNDEFLECTED 
LENGTH 


/ 

/  r,  LOAD 


COMPRESSION  =  1/2  /52  2  (n  +  1)Cnp2n 

n  =  1 

Cl  =  1/3 
C2  =  2o/15 
C3  =  123a2 -61/315 
C4  =  (134a3 -72a  1/2835 
C5  =  (5297a4 -4338a2 +4231/155925 
WHERE: 

P  =  sin  60 

a  =  COS 

=  L  (r/EI)'4  E  =  ELASTIC  MODULUS 
P  I  =  MOMENT  OF  INERTIA 


Figure  12  -  Cantilever  Strut  Model  of  Fiber  Brush 
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INITIAL  DISTRIBUTION 


DTNSRDC  ISSUES  THREE  TYPES  OF  REPORTS 

1  DTNSROC  REPORTS.  A  FORMAL  SERIES.  CONTAIN  INFORMATION  OF  PERMANENT  TECH 
NICAL  VALUE  THEY  CARRY  A  CONSECUTIVE  NUMERICAL  IDENTIFICATION  REGARDLESS  OF 
THEIR  CLASSIFICATION  OR  THE  ORIGINATING  DEPARTMENT 

2.  DEPARTMENTAL  REPORTS.  A  SEMIFORMAL  SERIES.  CONTAIN  INFORMATION  OF  A  PRELIM 
INARY.  TEMPORARY.  OR  PROPRIETARY  NATURE  OR  OF  LIMITED  INTEREST  OR  SIGNIFICANCE 
THEY  CARRY  A  DEPARTMENTAL  ALPHANUMERICAL  IDENTIFICATION 

3.  TECHNICAL  MEMORANDA.  AN  INFORMAL  SERIES,  CONTAIN  TECHNICAL  DOCUMENTATION 
OF  LIMITED  USE  AND  INTEREST  THEY  ARE  PRIMARILY  WORKING  PAPERS  INTENDED  FOR  IN 
TERNAL  USE  THEY  CARRY  AN  IDENTIFYING  NUMBER  WHICH  INDICATES  THEIR  TYPE  AND  THE 
NUMERICAL  CODE  OF  THE  ORIGINATING  DEPARTMENT  ANY  DISTRIBUTION  OUTSIDE  DTNSRDC 
MUST  BE  APPROVED  BY  THE  HEAD  OF  THE  ORIGINATING  DEPARTMENT  ON  A  CASE  BY  CASE 
BASIS. 


